The frequency and relative importance of hybridization in plants has been an area of intense debate. Although this evolutionary phenomenon has received considerable attention from plant biologists, there are no well-supported cases of reticulate evolution involving parasitic plants, to date. Recent molecular phylogenetic analyses revealed that the subgenus Grammica, the largest and most diverse group of the stem-parasitic genus Cuscuta (dodder), consists of 15 major clades. We describe here five cases of strongly supported discordance between phylogenies derived from plastid and nuclear data, and interpret them as results of five independent hybridization events. Three of these cases could represent relatively recent reticulations, as each of them involves more closely related species, always confined within the same major clade as their putative parental species, and are currently sympatric or parapatric with them. The two remaining cases involve species whose potential progenitors are derived from different major groups of Grammica, and which are allopatric in their present distribution. A series of statistical tests was conducted to assess and further explore the significance of this phylogenetic incongruence. Alternative explanations for discordant gene topologies are explored. Cuscuta liliputana sp. nov., a new Mexican species of hybrid origin is described.
Introduction
The frequency and importance of hybridization in plants has been an area of intense debate for a long time, especially when coupled with polyploidization (Stebbins 1959; Grant 1981; Arnold 1992; Soltis and Soltis 1993; Rieseberg 1995 Rieseberg , 1997 Ramsey and Schemske 2002) . The advent of molecular systematics and the use of DNA-based markers have helped to significantly accelerate the rate at which potential cases of hybridization and introgression have been documented (Rieseberg 1995) . Some well-studied examples of hybridization in plants include Helianthus (Rieseberg et al. 1990) , Gossypium (Wendel et al. 1995) , Paeonia (Sang et al. 1995) , Penstemon (Wolfe et al. 1998) , Dendrochilum (Barkman and Simpson 2002) , and Sideritis (Barber et al. 2007 ). However, there are very few documented examples of reticulate evolution in parasitic plants. Virtually all published cases involve hemiparasites from Santalales, the sandalwood order. For example, in Loranthaceae, hybridization has been described between Loranthus and Tupeia (Thomson 1949) , within Amyema (Bernhardt and Calder 1981) , and within Tristerix (Amico et al. 2007) . Also, in Santalaceae, a potential case of hybridization was suggested in Santalum by Harbaugh and Baldwin (2007) , although alternative explanations could not be excluded. There are no well-established cases of hybridization in holoparasites, sug-gesting that this process is either understudied or rare in these plants.
The parasitic plant genus Cuscuta, members of which are commonly known as dodders, contains some 180 species, is nearly cosmopolitan in distribution, and occurs in a wide range of habitats (Yuncker 1932; Mabberley 1987) . Engelmann (1859) recognized three groups within Cuscuta, based primarily on the morphology of stigma and styles, which were assigned subgeneric ranks by Peter (1897) and adopted by Yuncker (1932) in his seminal monograph on this genus. Cuscuta subgenera Cuscuta and Grammica are characterized by two distinct styles, and are distinguishable by their stigma morphology (elongated or short and capitate, respectively). Cuscuta subgenus Monogyna has partially or completely united styles, with capitate, conical, or ovate stigmas. Cuscuta subgenus Grammica is by far the largest group of Cuscuta, accounting for approximately threequarters of its species diversity (135-140 spp.). While few members of this group are widespread, the vast majority of species occur only in the Americas, with Mexico and adjacent regions as a centre of diversity (Yuncker 1932) .
Because of its heterotrophic life-style and a diversity of photosynthetic ability among its species, Cuscuta has been the focus of many scientific studies. Plastids of several species have been the subject of extensive molecular analyses (reviewed in Stefanović and Olmstead 2005) and recently the entire plastid genomes of four species have been sequenced (Cuscuta campestris, Cuscuta obtusiflora, Cuscuta exaltata, and Cuscuta reflexa; Funk et al. 2007; McNeal et al. 2007a ). In addition, a substantial body of literature deals with the ecology and pest control of different dodder species (Dawson et al. 1994; . Because this branch parasite is amenable to culture and direct experimental manipulation, it is also frequently used as a model system for developmental research, especially of haustorial initiation and formation (e.g., Lee and Lee 1989; Subramaniam and Mahadevan 1994) . A recent review by García and Castroviejo (2003) summarized our knowledge on chromosome numbers and ploidy levels in Cuscuta, accumulated over a period of almost a century. The chromosome numbers in Cuscuta range from 2n = 8 to 2n = 56, indicating that polyploidy likely plays an important role in the evolution of this genus. Although much is known about its morphology and molecular evolution, very little is known about the natural history of Cuscuta species generally. One important exception is the study on life history and reproductive biology of Cuscuta attenuata by Prather and Tyrl (1993) . From their crossing studies, these authors concluded that this species is primarily autogamous, although it is also capable of allogamy, and that interspecific crosses with several more or less distantly related species failed to produce seed set (Prather 1990 ). Also, some Cuscuta members were recently implicated as vectors in the horizontal transfer of mitochondrial genes in plants (Mower et al. 2004) .
Cuscuta has been the subject of two broad molecular phylogenetic studies (Stefanović et al. 2007; García and Martín 2007) . Both of those studies were based on plastid (pt) trnL-UAA/trnF-GAA and nuclear ribosomal (nr) ITS sequences from a wide taxonomic sampling, covering the morphological, physiological, and geographical diversity of Cuscuta subgenus Grammica (Stefanović et al. 2007 ) and subgenus Cuscuta (García and Martín 2007) , respectively. In addition, McNeal et al. (2007b) conducted a study on a more limited taxon sampling, but included representatives from across the entire genus, and used a combination of several pt proteincoding genes (rbcL, rps2, matK) , as well as nrITS. Within Cuscuta subgenus Grammica, the results of Stefanović et al. (2007) indicated the presence of 15 well-supported major clades. Stefanović et al. (2007) also noted several cases of conflict between plastid-and nuclear-derived phylogenies, indicative of either technical problems (e.g., incorrect identification, DNA contamination, sequence error, spurious phylogenetic reconstruction) or underlying organism-level phenomena (such as lineage sorting, orthology/paralogy conflation, horizontal gene transfer, or reticulation). Due to the inadequate taxon sampling, these problematic cases were excluded from the previous analyses. In the present study, we expand our existing trnL-F and ITS matrices through addition of multiple sequences for species of putatively hybrid origin, as well as other relevant taxa. Here, we formally analyze the cases of strong phylogenetic discordance between the gene trees, with the following goals in mind: (i) to demonstrate and document the first cases of reticulate evolution in Cuscuta subg. Grammica and to discuss in detail the molecular phylogenetic evidence for their hybrid origin, (ii) to assess the directionality of hybridization, and (iii) to investigate the potential alternative scenarios as well as evaluate their relative merits.
Materials and methods

Taxon sampling
A total of 286 accessions representing 105 species of Cuscuta were analyzed in this study (Appendix A). The taxon sampling strategy used originally to delimit major lineages within Cuscuta subgenus Grammica and to infer the overall relationships among those major lineages is detailed in Stefanović et al. (2007) . To this backbone phylogeny with 15 well-supported clades we added here those taxa that showed topological incongruence in preliminary analyses. Efforts were made to sample multiple accessions for species with strongly supported phylogenetic conflict. Hence, two or more individuals are included for all but one rare species, which is known only from its type locality. To further increase the sampling density for critical groups, additional individuals or species were included for most of the affected clades (e.g., clades B, C, and L; see below).
Molecular techniques
DNA extractions, polymerase chain reaction (PCR) reagents and conditions, cloning, amplicon purifications, as well as sequencing procedures followed the protocols detailed in Stefanović et al. (2007) . Sequences generated in this study are deposited in GenBank (accession numbers EU288331-EU288370; see Appendix A).
Phylogenetic analyses
DNA alignment and substitution model selection
Sequences were aligned manually using Se-Al version 2.0a11 (Rambaut 2002) . Although numerous gaps had to be introduced in the alignments, the sequences could be readily aligned among the ingroup taxa in both plastid and nuclear matrices. However, owing to the overwhelming prevalence of complex overlapping gaps, the indels in the alignments were not coded and were treated as missing data. Regions that could not be unambiguously aligned were excluded from subsequent analyses.
The general time-reversible model (Yang 1994) of DNA substitution, with rate variation among nucleotides following a discrete gamma distribution and assuming a portion of invariant sites (GTR + G + I), was selected as the best-fit by both the hierarchical likelihood ratio test (hLRT) and Akaike Information Criterion (AIC), as implemented in ModelTest version 3.7 (Posada and Crandall 1998) .
Parsimony analyses
Heuristic searches and estimates of clade support were conducted for each matrix separately. Nucleotide characters were treated as unordered and all changes were equally weighted. Searches for most parsimonious (MP) trees were performed using a two-stage strategy with PAUP* version 4.0b10 (Swofford 2002) . First, the analyses involved 1000 replicates with stepwise random taxon addition, tree bisection-reconnection (TBR) branch swapping saving no more than 10 trees per replicate, and MULTREES off. The second round of analyses was performed on all trees in memory with the same settings except with MULTREES on. Both stages were conducted to completion or until 100 000 trees were found. The relative support for clades was inferred by nonparametric bootstrapping (Felsenstein 1985) as implemented in PAUP* using 500 pseudoreplicates, each with 20 random sequence addition cycles, TBR branch swapping, and MULTREES off (DeBry and Olmstead 2000) .
Topological incongruence and alternative hypothesis testing
Conflict between datasets was evaluated by visual inspection, by searching for the presence of strongly supported yet conflicting topologies from individual matrices. For all the cases where such conflicts were found, reciprocally constrained topologies were constructed using MacClade version 4.06 (Maddison and Maddison 2003) and their cost in parsimony assessed using PAUP* (Swofford 2002) . In this fashion, for each case of strongly supported incongruence between the two data sets, one randomly chosen MP tree representing topological results obtained from plastid data was imposed on nuclear data and vice versa.
To evaluate the significance among these alternative phylogenetic hypotheses, two types of statistical tests were conducted using the selected DNA substitution model. First, we implemented the one-tailed Shimodaira-Hasegawa tests (SH tests; Shimodaira and Hasegawa 1999; Goldman et al. 2000) in PAUP*. The test distributions were obtained using the reestimated log likelihoods (RELL; Kishino and Hasegawa 1989) with 1000 bootstrap replicates. Second, we also conducted the Approximately Unbiased tests (AU tests; Shimodaira 2002 ). This test is recommended for general tree comparison because it is considered to be less biased than other methods employed for these purposes and is hence, less conservative than, for example, the SH test (Shimodaira 2002) . For each data set, the total log likelihoods and sitewise log likelihoods of the tested tree topologies were computed with PAUP* before being subjected to the AU test. The P-values of the AU test were calculated using CONSEL version 0.1i (Shimodaira and Hasegawa 2001) . Ten repetitions of multiscale bootstrapping, each consisting of 10 sets with 10 000 bootstrap replicates, were used to ensure small sampling error.
Results
Sequences and alignments
Summary descriptions for sequences obtained from plastid trnL-F and nuclear ITS regions are presented in Table 1 . Plastid sequences could not be obtained for members of the O clade, a group of Cuscuta species hypothesized to have substantially altered plastid genomes (Stefanović et al. 2007 ). In addition, presumably due to the poor quality of the DNA extracted from some older herbarium specimens, sequences could not be obtained for a number of individuals for either trnL-F or ITS (Appendix A).
Sequences newly generated for this study were incorporated in the alignments used in our previous analyses (Stefanović et al. 2007 ). The assessment of primary homology was essentially unambiguous throughout the entire length of the ITS matrix. For the majority of DNA accessions, the direct sequencing approach yielded results without apparent polymorphism. However, in several cases a polymorphism was detected, caused by point mutations or length variants, and multiple cloned paralogues were included in the analyses. Sequences were also easily aligned across the trnL intron, as well as the trnL and trnF genes themselves. However, the spacer between 3'-trnL and trnF evolves more rapidly, both in terms of length and point mutations (Stefanović et al. 2007) , and consequently a portion of 120 bp had to be excluded from the analyses. While the aligned lengths of the two matrices were similar in size, the analyzed length and the number of variable and parsimony informative sites was substantially smaller for the plastid matrix compared to the nuclear data set because of this exclusion (Table 1) . No significant heterogeneity in base composition was detected within any of these matrices across all taxa. Alignments (in Nexus format) are deposited in TreeBASE (study accession number S1929).
Unconstrained topologies and overall levels of support
The trnL-F and ITS matrices each produced >100 000 trees, 798 and 2014 steps in length, respectively ( Table 1) . The overview of relationships among the major groups allows for an overall topological comparison of results between the two datasets (Fig. 1) .
Within Cuscuta subg. Grammica, a total of 15 major clades labeled A-O were resolved with ITS sequences. Fourteen of the same groups, A-N, were also recovered with trnL-F data (as indicated earlier, none of the sequences belonging to the clade O could be obtained for trnL-F). Most of the 14-15 major clades received moderate (70%-85%) to strong (>85%) bootstrap support from both of the individual matrices. However, some groups were found to be weakly supported (<70%) by one of the datasets while receiving moderate to strong support from the other in a mutually complementary fashion (e.g., compare the support for the C and N clades between the two data sets; Fig. 1 ). Taken together, the analyses of separate plastid and nuclear matrices produced trees of remarkably similar topologies, with the exception of five striking and strongly supported conflicts (Fig. 1) .
The first three cases of well-supported incongruence involve species whose topological discordances are limited to a given major clade ( Fig. 2 ; clades E and L). Plastid data place Cuscuta veatchii Brandegee within the E clade, as sister to Cuscuta denticulata Engelm., while nuclear data resolve C. veatchii also within the E clade, but as sister to Cuscuta nevadensis I.M. Johnst. (Fig. 2) . Both of these results received 100% BS. In a similar fashion, Cuscuta desmouliniana Yunck. and Cuscuta liliputana sp. nov. were recovered nested within the L clade. However, each of these two species was found to be closely associated with Cuscuta umbellata H.B. & K. var. reflexa Yunck., Cuscuta odontolepis Engelm., and Cuscuta acuta Engelm. with plastid data (94% BS; Fig. 2 ) while the nuclear data show them in a strongly supported clade with C. umbellata and Cuscuta hyalina Roth (100% BS; Fig. 2) .
The remaining two cases of topological incongruence between plastid and nuclear data involve species whose topological discordances span across different major clades. According to the plastid data, both Cuscuta bifurcata Yunck. and Cuscuta sandwichiana Choisy belong to the strongly supported B clade (98% BS; Fig. 3 ). Cuscuta bifurcata forms a group with Cuscuta australis Hook. f. and Cuscuta obtusiflora H.B. & K. (87% BS; Fig. 3 ), while the position of C. sandwichiana is not well resolved with trnL-F data. In contrast, the nuclear data place C. bifurcata as nested within the C clade and C. sandwichiana as part of the H clade (both at 100% BS; Fig. 3 ). Within the C clade, C. bifurcata is strongly supported as sister to Cuscuta werdermanii Hunz., while C. sandwichiana is sister to the rest of the well-supported H clade (Fig. 3) .
Tests of alternative tree topologies
For the three cases where incongruence was confined within major clades (i.e., C. veatchii, C. desmouliniana, and C. liliputana; Figs. 1 and 2), the results of the SH and AU tests were mixed, regarding both the species studied and the method used (Table 2) . Using plastid data and enforcing C. veatchii to be sister to C. nevadensis (following the ITS results) produced trees 10 steps longer than the optimal trees, but this solution was not significantly different based on the SH and AU tests (although it approaches significance for the latter case; P = 0.051). However, imposing C. veatchii to be sister to C. denticulata (following the trnL-F results), using nuclear data resulted in trees 13 steps longer than the MP trees. This difference was deemed significant according to the AU test but not the SH test. Similarly, constraining either C. desmouliniana or C. liliputana to group in a clade with C. umbellata and C. hyalina (following the ITS results) with plastid data yielded trees which were found to be significantly different according to the AU tests but not according to the SH tests. The reverse constraints, placing C. desmouliniana or C. liliputana in a clade with C. odontolepis, C. acuta, and C. umbellata var. reflexa (following the trnL-F results) and using nuclear data were rejected as significantly worse solutions by both SH and AU tests.
For the two cases where the incongruence spanned different major clades (i.e., C. bifurcata and C. sandwichiana; Figs. 1 and 3), the results of the SH and AU tests were more uniform, unanimously rejecting the alternatives as significantly different from the best respective solutions in all comparisons (Table 2 ). This is not surprising given that in all of those cases multiple well-supported nodes (most of them at 100% BS) had to be collapsed to impose respective alternative topologies.
Discussion
Evidence for hybridization in Cuscuta
Instances of reticulate evolution in plants can be detected through careful analyses of discordance among different unlinked gene trees (Rieseberg and Soltis 1991; Rieseberg 1995; Sang and Zhong 2000) . Because the plastid genome is maternally inherited in the majority of flowering plants (Corriveau and Coleman 1988; Reboud and Zeyl 1994; Mogensen 1996) , the plastid-derived phylogeny will usually trace maternal genealogy. When the ptDNA tree is compared with an independently derived phylogenetic tree (from morphology or other molecular data), conflicting position of a taxon between phylogenies may be taken as evidence for the hybrid origin of this taxon (Sang and Zhong 2000; a simple illustration of this principle is depicted in the insets of Fig. 2 ). We present here evidence for five cases of strongly supported yet conflicting phylogenetic signals between trnL-F and ITS sequence data for five species of Cuscuta. In addition, in preliminary phylogenetic analyses of the entire genus, based on rbcL and 26S nrDNA sequences, the same five cases of hybridization events are evident, with equally strong support (S. Stefanović, M. Kuzmina, M. Costea, unpublished data). For each of these putative cases of hybridization, here documented for the first time in a group of holoparasitic plants, we discuss in detail the molecular phylogenetic evidence for hybrid origin, directionality of hybridization, and provide some alternative evolutionary explanations.
The C. veatchii case
According to both the trnL-F and ITS data (Figs. 1 and 2), C. veatchii is found in the E clade (Stefanović et al. 2007) , together with C. denticulata and C. nevadensis, as expected from the traditional taxonomy (Cuscuta subg. Grammica sect. Cleistogrammica subsect. Denticulatae; Yuncker 1932 Yuncker , 1943 and recent morphological analyses (Costea et al. 2005) . Members of this group share a seed with a ''thickened'' embryo, where the embryo's radicular end is enlarged in a ball-like structure that increases in vol- Fig. 3 . Portions of one of equally parsimonious tree derived from separate maximum parsimony analyses of plastid and nuclear sequences showing strong incongruence for phylogenetic placements of Cuscuta bifurcata and C. sandwichiana. Plastid phylogenies place both of these species within the B clade. However, nuclear-derived phylogenies place C. bifurcata within the C clade, while C. sandwichiana is recovered within the H clade (compare with the overview in Fig. 1 ). Branch lengths are drawn proportionally to the number of changes (bars indicate five changes; note the different scale for plastid and nuclear phylograms). Asterisks indicate nodes that collapse in the strict consensus. Bootstrap values are provided and those most relevant for supporting the conflicting topologies are emphasized (in bold and encircled). Numbers following species names correspond to DNA accessions (see Appendix A).
ume during seed maturation. This feature is unique among dodder species. Also, these three species are characterized by a distinctively reticular calyx surface. Morphological differences among these species are subtle, yet discontinuous and consistent (Costea et al. 2005) . The trnL-F sequences from representatives of C. veatchii are identical to those of C. denticulata (three individuals for each; Fig. 2 ), while their ITS sequences are very similar (but not identical) to those of C. nevadensis. We posit that these strongly supported and disagreeing phylogenetic results are indicative of reticulate evolution involving two progenitor species, C. denticulata and C. nevadensis, yielding their putative hybrid derivative, C. veatchii, with support for C. denticulata as the maternal parent.
All three of these species occur in North America, west of the Rockies. Among them, C. denticulata has the broadest geographic distribution, occurring from the Pacific Northwest to northern Mexican states. The other putative parent, C. nevadensis, has a much narrower range and is found in southwestern California, Nevada, and perhaps Arizona (USA), yet it is fully sympatric with C. denticulata. The putative hybrid, C. veatchii, is restricted in distribution to Baja California (Mexico), from the San Felipe Desert south to the Vizcaino Desert. Cuscuta denticulata reaches Lower California, at the border of USA-Mexico, but, based on the currently available data, there is no overlap in its distribution with C. veatchii. While this geographic separation may exclude this hybrid species from competition with its progenitors today, it is likely that additional mechanisms were involved in the past to allow for the establishment of a persistent hybrid lineage. From the theoretical standpoint, to overcome the minority cyotype exclusion (Levin 1975; Husband 1998) , hybrids must remove themselves from the random mating pool and diverge ecologically from parental species (Coyne and Orr 2004 ). Unfortunately, the ploidy level of these three species is not known. Hence, it is not clear whether postzygotic isolation could have been achieved through triploid hybrid sterility. It is known, however, that Cuscuta species are primarily autogamous (Prather and Tyrl 1993; Stefanović and Olmstead 2005; Costea and Tardif 2006) and selfing could have served as a preadaptation necessary for escaping minority cyotype exclusion in this case. Additionally, unlike the two putative progenitor species, C. veatchii is host specific, and is thus ecologically divergent from them as well. Specifically, C. denticulata parasitizes primarily Artemisia (Asteraceae), Chrysothamnus (Asteraceae), and Larrea (Zygophyllaceae), but it also grows on a wide variety of other desert plants, such as Ambrosia (Asteraceae), Atriplex (Chenopodiaceae), Eriogonum (Polygonaceae), Lepidospartum (Asteraceae), and others. Hosts of C. nevadensis are also diverse desert herbs and shrubs, mainly Ambrosia, Atriplex, Psorothamnus (Fabaceae), and Xylorhiza (Asteraceae). However, C. veatchii is narrowly restricted to Pachycormus [=Veatchia] discolor Coville (rarely also Bursera; both small trees in Anacardiaceae) as a host.
While these biogeographical, life history, and ecological data are consistent with a hybrid origin of C. veatchii, an in-depth exploration of alternative possibilities is warranted (see below for a general discussion of this topic). Because the E clade includes only three species and a root ( Fig. 2 ; see the inset), a simple topological distortion, such as nearest-neighbor interchange (NNI), would result in trees compatible between plastid and nuclear data. Yet, a spurious phylogenetic reconstruction due to the long-branch attraction (Felsenstein 1978) is not likely to explain observed topological differences because the branches involved are not significantly different in length (neither the internal branches nor the root subtending the E clade; Fig. 2) . However, the simplicity of an NNI swap could explain why the SH and AU tests have failed (in three out of four tests) to find the significance in observed length differences between the optimal and constrained trees for both plastid and nuclear data sets (Table 2 ). In addition, multiple individuals from all three species were included in the analysis to increase the chance of finding polymorphic alleles, indicative of explanations alternative to hybridization, such as lineage sorting. No evidence of ancestral polymorphism has been found. Yet, caution is still necessary when interpreting these results, because there are only three (extant) species in this clade. Thus, the possibility of an ancestral polymorphism and its transmission through only one speciation event cannot be excluded at present. Phylogenetic analyses of additional, independently inherited genes will help to ascertain this issue with more confidence.
Given that the E clade contains only three species, topological distortion and lineage sorting are more difficult to (Fig. 2) 808 10 0.525 0.051 C. desmouliniana sister to C. umbellata/hyalina (Fig. 2) 804 6 0.148 0.034 C. liliputana sister to C. umbellata/hyalina (Fig. 2) 805 7 0.148 7Á10 -5 C. bifurcata part of the C clade (Fig. 3) 812 14 0.028 9Á10 -5 C. sandwichiana part of the H clade (Fig. 3) 816 18 0.016 0.003 Nuclear (ITS) Optimal (MP) tree (Fig. 1, right) 2014 Best 1.000 0.995 C. veatchii sister to C. denticulata (Fig. 2) 2027 13 0.173 0.002 C. desmouliniana sister to C. odontolepis/acuta/umbellata_reflexa (Fig. 2) eliminate as alternatives for the C. veatchii putative hybrid compared with the other four (see below). Despite this, we still suspect that our strongly conflicting phylogenetic results represent evidence for hybrid origin of this species and that there is solid additional corroborative evidence provided by biogeographic and natural history data for this particular evolutionary interpretation of discordance between plastid and nuclear trees.
The C. desmouliniana and C. liliputana cases Cuscuta desmouliniana, as well as C. liliputana, a new species described here, are found nested within the L clade ( Figs. 1 and 2 ). This clade, first explicitly defined by Stefanović et al. (2007) , includes mostly species circumscribed by Yuncker (1932) in Cuscuta subg. Grammica sect. Eugrammica subsections Umbellatae and Leptanthae plus a few species that were traditionally classified elsewhere (Cuscuta subg. Grammica subsections Odontolepisae and Acutae). Morphologically, these species are characterized by loose, umbellate inflorescences and flowers with acute calyx and corolla lobes. Most species occur in Mexico and the southwest USA. However, in the context of a rooted phylogeny for Cuscuta subg. Grammica, two potential cases of long-distance dispersal have been inferred within this clade (Stefanović et al. 2007 ). Cuscuta acuta is endemic to the Galapagos Islands and C. hyalina, with its disjunct populations found in tropical India, east Africa uplands, and western South Africa, is nested within this otherwise predominantly north Mexico -southwest USA clade.
While both the nuclear and plastid sequences place C. desmouliniana and C. liliputana deeply within the L clade, the more precise relationships of these two species with other taxa differ according to different data sets (Fig. 2) . The ITS phylogeny resolves C. desmouliniana in a clade with the typical variety of C. umbellata, 3 and with C. hyalina as sister to these two taxa together (76% and 100% BS, respectively; Fig. 2 ). In contrast, the trnL-F data place C. desmouliniana in a clade with C. acuta, C. odontolepis, and C. umbellata var. reflexa (94% BS; Fig. 2 ). These well-supported and discordant topologies are indicative of a hybridization event involving two groups of potential parental species. The first group includes C. acuta, C. odontolepis, or C. umbellata var. reflexa as a putative maternal progenitor and the other includes C. umbellata or C. hyallina as putative paternal progenitor. The present phylogenetic resolution does not permit us to choose among these different parental species within each paternal group with more precision. However, C. desmouliniana occurs only in the state of Sonora (Mexico) and adjacent areas. Given this relatively restricted distribution of the hybrid species, the involvements of either C. acuta or C. hyalina in reticulation seem unlikely, and thus the potential progenitors can probably be narrowed down to three taxa: C. umbellata on the paternal side and C. odontolepis or C. umbellata var. reflexa on the maternal side.
As part of our ongoing morphological and molecular investigations of Cuscuta for its treatments in the Flora of North America and the forthcoming revision of The Jepson Manual, we discovered several morphologically distinct specimens belonging to a previously undescribed species. Based on a combination of morphological and molecular data, we recognize these individuals as a new species and describe it here as C. liliputana sp. nov. (Fig. 4 ; see Taxonomic treatment). Morphologically, C. liliputana generally resembles C. desmouliniana and C. leptantha Engelm. (another species in the L clade; Fig. 2) . However, the individuals belonging to C. liliputana also have several well-defined morphological features, and are easily distinguishable from its closest and most similar relatives. The most noticeable among these is the number of flower parts. Instead of fiveparted flowers, usually found in C. desmouliniana, C. liliputana has predominantly four-parted and sometimes even three-parted flowers (Figs. 4a and 4b) . Furthermore, C. liliputana has a cylindric calyx tube and more or less revolute calyx lobes, while C. desmoulinana has a campanulate calyx tube and flat lobes; also the former has larger flowers and seeds compared to the latter. With respect to the 4-merous flowers and its host preferences (Chamaesyce; Euphorbiaceae), C. liliputana is more similar to C. leptantha and C. polyanthemos W. Shaffn. ex Yunck., but C. liliputana never forms a clade with either species (Fig. 2) . Cuscuta liliputana can be distinguished from these species through various floral features commonly used to differentiate Cuscuta species: e.g., the calyx tube equaling corolla tube (1/2-1/3 in C. leptantha and C. polyanthemos), infrastaminal scales and corolla tube ratios, and other more subtle characters. From a molecular phylogenetic standpoint, C. liliputana exhibits patterns of relationships with other species within the L clade identical to those described for C. desmouliniana (including similar support values; Fig. 2 ). Hence, this species also shows the same conflict between plastid and nuclear data, indicative of reticulate evolution, involving the same combination of putative progenitors and directionality. However, because of discontinuous and consistent morphological differences observed between C. liliputana and C. desmouliniana, we conclude that these are two separate and well-defined species. Two distinct evolutionary scenarios could account for these observations. We infer either two independent hybrid origins for these two species, each from the same (or similar) potential combination, or alternatively, a single hybrid origin followed by a speciation event. Due to the significant morphological differences observed between the two species, we favour the former hypothesis, but the evidence regarding these two alternatives remains equivocal. No data are available in the literature regarding the chromosome numbers and ploidy levels for any of the species in the L clade. While selfing may serve as a preadaptation facilitating the prezygotic isolation from their respective progenitors and allowing the establishment of lineages after hybridization, the biogeographic and ecological (host) data are not as distinctive and supportive for the C. desmouliniana and C. liliputana cases as they were for C. veatchii. According to the presently available data, C. desmouliniana seems to be restricted to Sonora and Baja California (Mexico), and C. liliputana grows in southern New Mexico, Arizona, and southwest Texas (USA). While these two putative hybrid species appear to be distinct with respect to their distributions, the three potential parental taxa co-occur in the same general area, desert and semidesert regions across central portions of southwest USA and northern Mexico, and overlap with both hybrids. The hybrids appear to be host-restricted. Cuscuta liliputana parasitizes only on Chamaesyce, and C. desmouliniana grows primarily on Chamaesyce, but can be also encountered on Boerhaavia (Nyctaginaceae) and Pectis (Asteraceae). Among the potential progenitors, only C. odontolepis is host specific, and it is known to grow only on Amaranthus species. The other two putative parents, the typical C. umbellata and C. umbellata var. reflexa, are not host-specific and occur on a large number of herbaceous desert plants, primarily caryophyllids (e.g., Alliona, Alternanthera, Amaranthus, Atriplex, Boerhavia, Portulacca, Polygonum, Salsola, Suaeda, Sesuvium, Tidestromia, etc.) , but also species of Zygophyllaceae (Kallstroemia), Crassulaceae (Kalanchoe), Convolvulaceae (Evolvulus), Solanaceae (Chamaesaracha and Solanum), and others. According to Yuncker (1932) , their hosts also include Euphorbia [=Chamaesyce], but we have not encountered any of the putative parental species parasitizing on Chamaesyce in our herbarium surveys.
Despite the lack of decisive corroborative evidence from distribution and ecology, the evidence for hybrid origin(s) of C. desmouliniana and C. liliputatana from strongly supported gene tree discordances is significant. For example, in both of these two cases, the simplest topological distortion, NNI, cannot result in concordant plastid and nuclear phylogenies. The substantial differences of alternative tree topologies are further underlined by the results of the SH and AU tests. Out of eight tests conducted in total for these two cases (four for C. desmouliniana and four for C. liliputana), only those involving the plastid data set with the SH tests were found not to be significant (Table 2) . Two factors can account for the lack of significance in these two particular cases. First, because the analyzed length was shorter and general variability lower for the trnL-F sequences than for ITS, the plastid matrix contains approximately only half the number of variable and parsimony informative sites compared with the nuclear matrix (Table 1) . Second, only the SH test failed to show significance; the AU test returned significant P-values for both data sets, despite the short length differences between the optimal and constrained trees ( Table 2 ). The SH test is known to be more conservative than the AU test (Goldman et al. 2000; Shimodaira 2002 ). In addition, given the number of species in the L clade and relative placements of C. desmouliniana and C. liliputana, lineage sorting does not seem to be a strong alternative either. The ancestral polymorphisms would have had to survive through a minimum of three speciation events, making this alternative to hybrid origin for each of these two species progressively less likely.
The C. bifurcata case
This species was described by Yuncker (1932) . Furthermore, within the B clade, C. bifurcata is most closely related to C. australis and C. obtusiflora, and together these three species form a wellsupported subclade (87% BS; Fig. 3 ). Some of these taxa span in their distribution multiple continents and represent some of the most frequently encountered dodders. The native distribution range of C. australis includes Asia, Australia, and Europe, while that of C. obtusiflora spans the entire western hemisphere. These are also the only two Cuscuta species potentially native to Oceania (Yuncker 1932 ). The nuclear-derived phylogeny, however, supports quite a different evolutionary scenario for C. bifurcata. According to the ITS data, C. bifurcata is completely detached from the B clade and is instead found within the C clade (Figs. 1  and 3 ). The C clade was first identified by Stefanović et al. (2007) and, given its composition, came as one of the biggest surprises of that study. Species traditionally classified in up to five different subsections (Yuncker 1932) were found in this morphologically diverse clade. Within the C clade, ITS sequence of C. bifurcata was the most similar to a representative of a South American (Chilean) species, C. werdermanii (100% BS; Fig. 3 ). Although quite similar, the ITS sequences for these two species are not identical, thereby eliminating contamination as a possible explanation for these unexpected results (compare branch lengths in Fig. 2) .
Taken together, these results are indicative of reticulate evolution. Given the overall concordance of plastid phylogeny with morphological features and, by extension, with numerous genes encoding those features, these results are consistent in particular with the introgression of (at least) nrDNA. Taking into account the number of strongly supported clades that would need to be dissolved to impose a nuclear-derived topology for C. bifurcata onto plastid data and vice versa, it does not come as a surprise that those alternatives were rejected by both the SH and AU tests (Table 2) . Also, sorting of ancestral polymorphism across multiple clades with many speciation events is much less likely as an explanation for the observed discordance.
Two different evolutionary scenarios can be proposed to explain the existence and distribution of this hybrid taxon. The first scenario involves hybridization-introgression between the two South American species, such as C. obtusiflora and C. werdermanii, followed by a longdistance dispersal of the hybrid species and its establishment in South Africa. Stefanović et al. (2007) concluded, based on overall phylogenetic relationships in Cuscuta subg. Grammica, that diversification through vicariance, as opposed to long-distance dispersal, emerged as the more dominant pattern for this group. Nevertheless, several striking cases of long-distance dispersal were inferred, some of which involved species from eastern Africa nested deeply within otherwise exclusively South American clade (e.g., C. kilimanjari within the O clade; Stefanović et al. 2007 ). The C. bifurcata case seems to represent one additional example of such long-distance dispersal, with the same directionality. This scenario would also imply a relatively recent event, which is supported by the small amount of observed differences in sequences between C. bifurcata and C. werdermanii (ITS) and C. bifurcata and C. obtusiflora (trnL-F; see phylograms in Fig. 2 ). An alternative would be the hybridization of a C. werdermanii-like paternal progenitor with a C. australis-or C. obtusiflora-like maternal progenitor before the break-up of Gondwana and separation of South America from Africa (*100-140 million years ago; Raven and Axelrod 1974; Scotes 2001; Jokat et al. 2003) , followed by differential extinctions. This vicariance scenario is deemed less likely because it would imply not only that subgenus Grammica, but also Cuscuta as a whole, as well as Convolvulaceae, are much older than the oldest known microfossils attributed to this family (Lower Eocene, *55-60 million years ago; Cronquist 1988). Also, the relatively small amounts of observed sequence differences among species involved are not consistent with this alternative.
Despite the search through copious amounts of Cuscuta specimens from several major South African herbaria (e.g., BOL, J, PRE), we were unable to find additional specimens of C. bifurcata. Hence, its current conservation status is unknown, but this remarkable taxon could be critically imperiled or possibly extinct.
The C. sandwichiana case
This species was placed by Yuncker (1932) in Cuscuta subg. Grammica sect. Cleistogrammica subsect. Californicae because it exhibits a reduction of the infrastaminal scales similar to the other species classified in this group (the A clade of Stefanović et al. 2007 ). However, in his later treatments, Yuncker (1965) omitted it without any explanation and, based on morphological characters, others questioned whether this species is allied to the C. californica complex (Beliz 1986; . Owing to the particular growth and branching pattern encountered in C. sandwichiana, shared with species such as C. pentagona Engelm. and C. campestris Yunck., as well as additional similarities in flower and seed features, proposed closer evolutionary ties of this species with the C. pentagona complex (Cuscuta subg. Grammica sect. Cleistogrammica subsect. Arvenses; the B clade of Stefanović et al. 2007 ). According to trnL-F sequences, three individuals of C. sandwichiana sampled in our study are resolved as members of the B clade, with high support (98% BS; Figs. 1 and 3) . All three representatives of this Hawaiian endemic form a well-supported and distinct lineage within the B clade, but its relationships with other members of this group, widely distributed throughout North America and beyond (e.g., C. pentagona, C. campestris, C. australis, C. obtusiflora), remain unresolved (Fig. 3) .
In contrast to inferences from morphology and plastid data, our ITS sequences place C. sandwichiana as sister to the species of the H clade (Figs. 1 and 3) . Bootstrap support for this sister-group relationship as well as for the monophyly of the H clade itself are both high (100% and 91% BS, respectively; Fig. 3) . The H clade, as defined by Stefanović et al. (2007) consists of four species (Cuscuta yucatana Yunck., Cuscuta potosina W. Schaffn. ex S. Wats., Cuscuta applanata Engelm., and Cuscuta chinensis Lam.), sharing some common morphological features, such as calyx lobes with longitudinal protuberances and capsules surrounded at the base by the withered corolla. These characters are not encountered in C. sandwichiana. Also, unlike C. sandwichiana, most members of the H clade (except C. yucatana) have dehiscent fruits. Three species of this clade occur in Mexico or the southern USA, whereas C. chinensis is disjunct from the rest of this clade and is found in southeast Asia, Australia, and Africa (but not Hawaii).
This striking and strongly supported phylogenetic conflict is also consistent with reticulation involving a maternal progenitor from the B clade and a paternal progenitor from the H clade. As with the C. bifurcata case, the hybridizationintrogression could have occurred in sympatry, probably somewhere in southwest North America where species from the B and H clades co-occur, followed by dispersal from the continent and establishment of a persistent hybrid lineage in Hawaii. However, the amount of differences accumulated for both trnL-F and ITS between C. sandwichiana individuals and representatives of its putative parental species is consistent with a relatively more ancient hybridization event. Long-distance dispersal between North America and Hawaii has been documented in other plant groups as well (e.g., Baldwin et al. 1991; Baldwin 1997) . Imposing a nuclear-derived topology for C. sandwichiana onto plastid data and vice versa resulted in the most costly alternatives in terms of additional steps needed to accommodate them, and consequently were strongly rejected as alternatives (Table 2 ). Other explanations for the observed discordance, such as potential contaminations or lineage sorting, can also be excluded with confidence. Multiple individuals of C. sandwichiana, with independent DNA extractions, were used in this study, and yielded identical topological results, reinforcing each other. Taking into account the number of nodes through which it would have to persist, lineage sorting is also unlikely.
Alternative explanations for the observed plastid-nuclear discordance
In addition to hybridization, strongly conflicting gene trees can result from several other biological phenomena (e.g., Maddison 1997; Wendel and Doyle 1998) . These include horizontal gene transfer (HGT; Kidwell 1993; Avise 2004) , gene duplication followed by differential deletion (i.e., paralogy; Fitch 1970; Doyle 1992), and lineage sorting (i.e., random sorting of ancestral polymorphism or ''deep coalescence''; Avise 1986; Wu 1991; Doyle 1992) .
Recently, plant mitochondrial (mt) genes have been shown to be transmitted horizontally across mating barriers at a surprisingly high rate (Won and Renner 2003; Bergthorsson et al. 2003 Bergthorsson et al. , 2004 ; for a review, see Richardson and Palmer 2007 and references therein) . Moreover, a disproportionately large number of the reported HGT events involve parasitic plants (Mower et al. 2004, Davis and Wurdack 2004; Nickrent et al. 2004; Davis et al. 2005) , providing evidence for direct plant-to-plant transmission of DNA from parasite to host as one potential mechanism of HGT in plants. While some Cuscuta species were explicitly involved in one of those events of HGT (Mower et al. 2004) , it is highly unlikely that any of the five instances of incongruence encountered in the present study could be explained by these means. The case involving HGT in Cuscuta spanned much deeper phylogenetic distances, from Cuscuta to the members of only remotely related genus Plantago (Plantaginaceae), too genetically distant to allow for hybridization as a potential explanation and it involved frequently horizontally transmitted mtDNA. In contrast, the discordances discussed here are at lower (i.e., species) phylogenetic levels, where hybridization can be expected to occur, and they involve ptDNA and nrDNA for which there are virtually no known cases of HGT in land plants despite extensive amounts of available data (Rice and Palmer 2006) .
Paralogy is also unlikely to be the root cause of the striking pyhlogenetic discrepancies between plastid and nuclear phylogenies detected in our study. Except for the genes located in the inverted repeat, other genes from the haploid plastid genome exist only in a single copy (Palmer 1991) . The trnL-F sequences used here are located in the large single-copy region of Cuscuta plastids (Funk et al. 2007; McNeal et al. 2007a ) and hence are likely to be orthologous (i.e., related by direct descent only). In contrast, assessing the othology-paralogy for nrDNA can be more challenging. Although nrDNA is present in multiple copies in plants, it generally evolves in unison through the process of concerted evolution (Zimmer et al. 1980; Buckler et al. 1997) . Nevertheless, paralogy in nrDNA repeats and the presence of multiple independent loci or pseudogenes could potentially lead to spurious phylogenetic reconstructions in some plant groups (Á lvarez and Wendel 2003; Bailey et al. 2003; Feliner and Rosselló 2007) . However, despite our intensive cloning efforts, ITS sequences from putative hybrids either were not different within a given species or showed very little polymorphism. When present, the paralogous sequences were most closely related to each other, consistent with either relatively recent duplication events or minor DNA polymerase errors rather than with the divergent ancestral paralogues (Stefanović et al. 2007) .
Lineage sorting represents potentially the strongest alternative explanation for the observed topological discrepancies. Regardless, for the cases presented here we still favour hybridization for a number of reasons. First, in Cuscuta, as is the case for the majority of flowering plants, the ptDNA is maternally transmitted to the next generation (Corriveau and Coleman 1988; Reboud and Zeyl 1994; Mogensen 1996) . Because the plastid genome is both uniparentally inherited and haploid, it has a significantly smaller effective population size when compared to nuclear loci (Moore 1995) . Hence, the plastid haplotype tree has a substantially higher probability of more rapid coalescence time, leading to the relatively rapid elimination of any polymorphism. Second, like the majority of Cuscuta species (Yuncker 1932) , the five species of putative hybrid origin included in our study have relatively narrow geographic distributions. Of these, C. bifurcata is the only species represented by a single individual because it is known only from its type locality. By contrast, each of the other four putative hybrids is represented by two to three individuals, spanning their respective distribution ranges. In these four cases, the trnL-F sequences were identical (or nearly so) among all the individuals included. Similarly, as discussed above, the clones of ITS sequences from putative hybrids either had no differences at all within a given species or showed very little polymorphism. Third, to account for discordance between the gene trees, the ancestral polymorphism would have had to persist through a minimum of three and up to six speciation events, depending on the case (with the exception of the C. veatchii case). Notwithstanding the genes under longterm balancing selection, such as the major histocompatibility complex genes in animals (e.g., Edwards et al. 1997; Garrigan and Hedrick 2003) or self-incompatibility genes in plants (e.g., Richman et al. 1996; Lu 2001) , the survival of such a polymorphism, spanning multiple speciation events, is progressively more unlikely. The combination of these reasons, each of which is compelling individually, is inconsistent with the random sorting of ancestral polymorphism as a likely explanation for the observed topological discrepancies.
Although each of the three biological phenomena (HGT, undetected paralogy, and lineage sorting) invoked to explain the topological incongruences documented in our study is possible, these alternative hypotheses are more complex than the possibility of hybridization or introgression, and no corroborating evidence exists to support them. Phylogenetic analyses of additional, independently inherited sequence data, such as low-copy nuclear genes, as well as critically needed cytological information will help to resolve these outstanding questions. Overall, the results presented here provide strong initial evidence for an important role of hybridization in the evolution of the parasitic genus Cuscuta.
Frequency of hybridization in Cuscuta
In this study, we analyzed 105 species of Cuscuta subg. Grammica, representing over 75% of known diversity in this group (Yuncker 1932; 1965) . A total of five of those species demonstrated strong evidence for discordance among gene regions between different genomes, interpreted here as resulting from hybridization events. Hence, the estimated rate of hybridization in Cuscuta, calculated from currently available data, is at about 5%. However, this frequency is likely to be an underestimation due to several factors.
First, there is a lack of resolution at the species level within some large and geographically widespread groups of Cuscuta (e.g., the D and O clades; Stefanović et al. 2007 ). Well-supported resolution of relationships among these numerous closely related species may point out presently ''hidden'' cases of relatively recent hybridization. Second, ancient hybridization events are difficult to detect owing to the increased chance of fixation and loss of recognizable intermediacy through genetic drift (Rieseberg and Soltis 1991; Wendel and Doyle 1998; Sang and Zhong 2000) . In addition, following a hybridization event, the two distinct sets of nrDNA arrays originating from paternal species may experience different fates following their merger in a single genome (Wendel 2000) . Two of these evolutionary outcomes, the maintenance of both arrays in parallel or their recombination to various degrees into chimeric sequences (Á lvarez and Wendel 2003) , would leave behind a potentially recognizable signature of hybridization, and are therefore relatively easily detectable (e.g., Sang et al. 1995; Campbell et al. 1997; Barkman and Simpson 2002; Beardsley et al. 2004) . The third outcome involves retention of one and the loss of the other parental nrDNA array as a consequence of concerted evolution mechanisms (e.g., Brochmann et al. 1996; Fuertes Aguilar et al. 1999) . When the retention bias favours the paternal array, the nrDNA phylogeny can produce trees with a strong topological disagreement to those derived from maternally inherited organellar genes, and hence point out putative reticulation events. This evolutionary scenario is inferred to be the most likely for the five Cuscuta hybridization cases. However, if concerted evolution is biased toward the maternal nrDNA array, there will be no discrepancies with the organellar-derived phylogenies. In these cases, the nrDNA phylogeny alone will not be enough to invoke hybridization. Because there is no theoretical reason for concerted evolution to favour a priori one parental set of arrays over the other, the chance of fixation of one array and elimination of the other is essentially equal. We hypothesize, therefore, that the frequency of hybridization in Cuscuta is substantially higher than calculated from the evidence provided here. Further investigations, resulting in more resolved species-level relationships and including multiple low-copy nuclear genes, unlinked to the nrDNA, are necessary to test this prediction. Costea & Stefanović, sp. nov umbelliform cymes of (1-)2-11 flowers; bracts 1 at the base of clusters and 0-1 at the base of pedicels, 0.7-1 mm long, fleshy, ovate-lanceolate, margins entire, apex acute; pedicels (1-)2-3(-5) mm long. FLOWERS (3-)4-merous, 2.8-4 mm long, white-cream when fresh, cream when dried, fleshy, papillae usually present on pedicels, calyx and corolla; laticifers not visible or hardly so in the midveins of the corolla lobes, elongate; CALYX 1.3-1.7 mm, straw-yellow, somewhat reticulate and shiny, cylindric, equalling the corolla tube, divided ca. 3/4 the length, tube 0.3-0.7 mm long, lobes 1-1.35 mm long, ovate-triangular, not overlapping, apex acute to acuminate, margins entire; corolla white, 3-3.6 mm long, tube 1.5-2 mm long, cylindric; lobes 1.3-1.65 mm long, initially erect, later spreading and reflexed, lanceolate, margins entire, apex acute; epicuticular wax with a pattern of longitudinally reticulate rodlets; stamens exerted, shorter than corolla lobes, anthers broadly to narrow elliptic, 0.35-0.5 mm Â 0.2-0.35 mm, filaments 0.5-0.8 mm long; POLLEN GRAINS 3-zonocolpate, prolate, 24-28 mm long, the tectum imperforatum or with a few puncta, the ornamentations granular-conical; INFRA-STAMINAL SCALES truncate to slightly obovate, 1/4-1/3 of the corolla tube, 0.6-0.8 mm long, bridged at 0.1-0.2 mm, fimbriae 0.1-0.18 mm long; STYLES evenly filiform, 0.8-2.5 mm long, longer than the ovary; STIGMAS capitate, globose. CAPSULES circumscissile, 1.5-2.2 mm Â 0.75-1.5 mm, globose to globose-depressed, thicken and slightly risen, or with 2-4 protuberances around the small interstylar aperture, translucent, capped by the withered corolla. SEEDS 2-4 per capsule, angled, subrotund to broadly elliptic, 0.8-1.15 mm Â 0.7-0.85 mm, seed coat cells alveolatepapillate; hilum suterminal, hillum area 0.15-0.18 mm in diameter, vascular scar linear, oblique to vertical, 0.025-0.03 mm long.
Taxonomic treatment
Cuscuta liliputana
ETYMOLOGY: the specific epithet alludes to the small size of this plant and its flowers (deliberately modified from Lilliput, one of the imaginary countries in ''Gulliver's Travels'' by Jonathan Swift). DISTRIBUTION, HABITAT, AND PHENOLOGY: southern New Mexico, Arizona, and southwest Texas. The species is also likely to occur in some of the adjacent Mexican territory. It parasitizes Chamaesyce (Euphorbiaceae) species that grow in disturbed places of desert wash, in sand and fine gravel; it was collected at 1250-1680 m a.s.l. in New Mexico, 730 m a.s.l. in Arizona, and only 30 m a.s.l. in Texas. Flowering JulyNovember; November-February. Compared with other Cuscuta species in the area, it is less common, and it may require conservation measures; therefore, a G2-G3 (Imperiled-Vulnerable) NatureServe (2006) 
